An outbreak of dengue fever in Guangdong province in 2014 was the most serious outbreak ever recorded in China. Given the known positive correlation between the abundance of mosquitoes and the number of dengue fever cases, a stage structured mosquito model was developed to investigate the cause of the large abundance of mosquitoes in 2014 and its implications for outbreaks of the disease.
The egg laying rate, the development rate and the mortality rates of immatures and adults were obtained from the estimated parameters. Moreover, effects of daily fluctuations of temperature on these parameters were obtained and the effects of temperature and precipitation were analyzed by simulations. Our results indicated that the abundance of mosquitoes depended not only on the total annual precipitation but also on the distribution of the precipitation. The daily mean temperature had a nonlinear relationship with the abundance of mosquitoes, and large diurnal temperature differences can reduce the abundance of mosquitoes. In addition, effects of increasing precipitation and temperature were interdependent .
Our findings suggest that the large abundance of mosquitoes in 2014 was mainly caused by the distribution of the precipitation. In the perspective of mosquito
Introduction
incidence with temperature and relative humidity by using autoregressive models 31 (Wu et al., 2007) . (Eastin et al., 2014) revealed that dengue cases increase a few 32 weeks after the daily temperature range remains within the temperature range 33 optimal for mosquito survival and transmission of the disease (Eastin et al., 2014) .
34
In a study of an epidemic in Guangzhou, China, correlation analysis and time 35 series analysis of climate data and dengue fever cases showed a positive correlation 36 between dengue incidence and minimum and maximum temperatures, 37 precipitation and humidities, and seasonal fluctuations in immature densities of 38 Aedes albopictus, which were consistent with the dengue seasonality (Lu et al., with or without considering vectors (Feng et al., 1997; Esteva et al., 2001; 54 Derouich et al., 2006) . Most of these models focus on the basic reproduction 55 number, examine force of infection or transmission dynamics (Marques et al., 1990; 56 Favier et al., 2006; Chowell et al., 2007; Wearing et al., 2006) and climatic factors 57 are incorporated into the transmission parameters or with a statistical model.
58
These papers usually focus on the sensitivity of the dynamics of mosquito 59 populations or disease transmission to climatic factors, and on seasonal trends of 60 the abundance of mosquitoes or disease outbreaks (Nago et al., 2007; Thammapalo 61 et al., 2008; Li et al., 1985; Sanchez et al., 2006 
where b(t) is the egg laying rate at time t; d(t) is the development rate at time t; μ 1 (t) and μ 2 (t) are the mortality rates of immatures and adults at time t (as shown in Table 1 ); λ(t) is the precipitation, and δ is the evaporation rate. As temperature has a major effect on insect development, the egg laying, development and mortality rates are considered to be temperature dependent. The form of these temperature dependent parameters were derived from (Gong et al., 2011) , based on development results from laboratory studies. The explicit expressions for these parameters are as follows:
,
where b 0 is the baseline egg laying rate; E max is the maximum egg laying rate 86 above the baseline; E mean is the value at which the moisture index produces 50% mean BIs for Guangzhou and three districts in this period are shown in Table 3 .
146
In addition, the BI in 2015 was also reported by Guangzhou CDC in the middle of
147
March and April, and every week between July 6 and December 29. 
Parameter estimation

149
The BI data represent only the pattern of the immature abundances and so the 150 real numbers of immatures and adults cannot be estimated from our data.
151
Therefore, in this analysis more concern is placed on the pattern of the immatures The mean of the daily maximum and minimum temperatures of Guangzhou and 167 the three districts are shown in Table 4 . It indicates that the mean of the daily 168 maximum and minimum temperatures in 2015 were higher than those in 2014.
169
The daily mean temperature for each month of Guangzhou from March to 
Results of Parameter estimation
194
The results of parameter estimation are shown in Table 2 . Also, Fig the development rate greatly and the DTR also affects the development slightly.
229
Increasing the daily mean temperature can lead to an increase of the development 230 rate while increasing the DTR can lead to a decrease of the development rate. In temperature increases when it is below the optimal survival temperature. Besides, 237 the mortality rates increase as the DTR increases, and the variation is greater 238 when the mean temperature is near the optimal survival temperature. for the immatures with respect to the daily mean temperature and precipitation.
252
The DTRs in simulations were chosen to be 10 (a), 8 (b) and 6 (c) which are 253 common values for Guangzhou (see Fig.2 ). It follows from Fig.9 that the optimal 254 temperature for the population growth of mosquitoes is the maximum value. Fig.10(b) .
284
Comparing Fig.10 with Fig.4 , we can see that these two results are all lower than However, effects of increasing the mean temperature of the same month in 2014 and 2015 were not the same, especially in March, April and May. 
Effects of intervention 338
The most common interventions in Guangzhou were clearing water and spraying 
391
We have data on the mean temperatures and the DTR for every month in 2014 392 and 2015. Also, the daily mean precipitation for each month can be obtained as 393 shown in Fig.3(b) . Then, comparing the data of 2014 with those for 2015, we found that the mean temperature and the total precipitation for 2015 were larger In this paper, the effectiveness of government control measures against 425 mosquitoes in Guangzhou, which are mainly spraying of insecticide and clearing
426
water to reduce the immatures and minimize the breeding grounds, were also 427 analyzed as shown in Fig.13 Table 2 . Table 2 Fig. 8: Contour plots of the development rate (a) and the survival rate of the immature (b) and adult (c) with respect to the DTR and the daily mean temperature. The horizontal axis represents the clearing rate (a) and the killing rate (b) respectively, and the vertical axis represents the peak value for the immatures.
